ABSTRACT: The distribution and abundance of cephalopod paralarvae near the Hawaiian Islands are described. Paralarvae were collected dunilg 5 plankton surveys in 1991 to 1993. The 404 tows at 59 stations collected 10375 paralarvae from 21 families and 57 species. The most numerous fanlilies were the Ommastrephidae (23% of total catch). Pyroteuthididae (I? %), Enoploteuthididae (16%), Onychoteuthididae (14 %), and Chtenopterygidae (8"/,,). The most numerous species were Ommastrephes bartramii (18 %), Pterygioteuthis rnicrolampas (15",,0), Chtenopter~x sicula (8 %), and Onychoteuthis compacta (6%). Analysis of paralarval distribution patterns identified 2 paralarval assemblages: 'island associated' and 'oceanic' The 15 'island-associated' species showed increased paralarval abundance near the islands, suggesting preferential spawning in this area. Epipelagic nearshore spawners included Onychoteuthis sp. C , Sthenoteuthis oualaniensis, and Nototodarus hawaiiensis. Mesopelagic nearshore spawners included 3 reported members of the Hawaiian Mesopelagic Boundary Community (Abralia tngonura, Liocranchia reinhardti, and Chiroteuthis picteti) and 3 probable new members (Liocranchia valdiviae, Histioteu this hoylei and Enoploteuthis jonesi).
INTRODUCTION
Cephalopod paralarvae are more numerous and more easily sampled than adults. Knowledge of paralarval distnbution and abundance patterns is useful for determining when and where adults spawn, particularly for species whose adults are difficult to catch. Knowledye of the early life stages can also help in understanding cephalopod population dynamics and in developing stock-recruitment models for commercially important species (Vecchione 1987 ). Yet, despite their irnportance, the early life stages of most species are seldom studied and poorly understood (Boyle 1990) .
A diverse community of cephalopods occurs near the Hawaiian Islands (Berry 1914 , Young 1978 . It includes inhabitants of the mesopelagic-boundary region (Reid et al. 1991 , Young 1995 , one of the most poorly investigated habitats in the ocean. Benthic adults are particularly difficult to sample because the steep and jagged seafloor near the islands restricts benthic trawling. As a result, the species composition and distnbution of cephalopods around the islands remain uncertain.
To date, the paralarval distribution patterns of only 1 cephalopod species (Ommastrephes bartramü) near the Hawaiian Islands have been described (Young & Hirota 1990 , Bower 1994 . In this Paper, we present the paralarval distribution patterns of 58 cephalopod species collected near the islands dunng 5 surveys in 1991 to 1993. We then identify species-assemblage groups based on capture distance from the islands and compare onshore-offshore abundance patterns to infer which species may spawn preferentially near the islands.
MATERIALS AND METHODS
species analysis program TWINSPAN (Hill 1979 , Gauch & Whittaker 1981 using PC-ORD software Sampling. Five plankton surveys were conducted (McCune & Mefford 1997) . Analyses are based on near the Hawaiian Islands to collect cephalopod paraabundance data from all surveys for species with total larvae. Stations were located 9 to 1169 km windward catches greater than 15. Abundances at each station (northeast) and 11 to 256 km leeward (southwest) of the were used for comparisons of onshore-offshore distribislands. Samples were collected aboard the Hokkaido ution to determine which species preferentially spawn University ship 'Hokusei Maru' (HM) during 6 to 15 near the islands (Spearman rank test, p < 0.05). February 1991 (HM-91 survey; 7 stations, 3 to 5 tows station-I), 5 to 26 February 1992 (HM-92 survey; 16 stations, 7 to 10 tows station-'), and 4 to 19 February 1993 RESULTS (HM-93 survey; 12 stations, 7 to 10 tows station-I), and aboard the NOAA ship 'Townsend Cromwell' (TC) durFamily and species composition ing 5 to 20 February 1991 (TC-91 survey; 10 stations, 1 to 7 tows station-') and 22 March to 7 April 1992 (TC-
The 404 tows at 59 stations collected 10375 paralar-92 survey; 14 stations, 4 to 8 tows station-'). The stanvae from 21 families and 58 species ( Table 1) . The most dard sampling procedure in all surveys was to conduct numerous families were the Ommastrephidae (23 % of 30 min Open oblique tows from 100 m depth to the surtotal catch), Pyroteuthididae (17 %), Enoploteuthididae face during the day. This depth range was chosen to (16%), Onychoteuthididae (14 X), and Chtenopterygisample through the depths known for paralarval Omdae (8%). The most nurnerous species were Ornrnasmastrephes bartramii. Species with paralarval distributrephes bartramii (18 %), Pterygioteuthis microlampas tions deeper than this depth range will thus be under-(15%), Chtenopteryx sicula (8%), and Onychoteuthis represented. In total, 404 tows were conducted at 59 compacta (6%). Interannual catch rates for most spestations. All HM surveys used a 4 m2 ring net equipped cies varied widely. Catches of the most abundant spewith 0.505 mm mesh, a General Oceanics flowmeter, cies showed a general decline over the 3 survey years. and a Benthos time-depth recorder (TDR). The TC-91
Results for the more frequently taken taxa are presurvey also used a 4 m2 ring net. The TC-92 survey sented below. used a 2 m2 ring net for 94 tows and a 4 m2 ring net for 4 tows. TC nets carried a Wildlife Computers TDR. Rower (1996) described the sampling procedure in detail.
Species distribution: squids Net collections were fixed at sea in 4 to 6 % buffered formalin for 3 to 6 h, then preserved in 50% isopropyl A total of 8848 squids from 16 families and 44 species alcohol. Dunng the HM-91 survey, paralarvae were were collected. sorted from the plankton at sea with dis-150 secting microscopes. Samples from su.bse-32 pled) for each. tow (Smith & Richardson 1977) , Station abundanCes were calculated , Young & Hirota 1990 Young 1991). In some genera, more than 1 species was present, but identification was 24 not possible either because a growth series connecting paralarvae to known a d u l t~ 22 was not available or the adults were known but undescribed. In such cases, species Family Ommastrephidae. Ommastrephes bartramii was the most numerous cephalopod species collected, composing 18% of the cephalopod catch and 80% of the ommastrephid catch; catches occurred at 41 stations (Fig. I ) , and 40% were collected more than 200 km offshore. Hyaloteuthis pelagica was also widely distributed, occurring at 37 stations; 35 O/O were collected more than 200 km offshore. Catches of the other 2 oinmastrephids represented in the collections occurred farther inshore. Sthenoteuthis oualaniensis was collected at 26 stations (Fig. 2) ; 40% occurred less than 25 km offshore. Nototodarus hawaiiensis was collected at 15 stations; 54 % occurred less than 25 km offshore.
Family Pyroteuthididae. All 3 pyroteuthid species were widely distributed. Pterygioteuthis microlampas composed 89% of the pyroteuthid catch and was the most commonly collected cephalopod species, occurring in 68 % of the tows and at 56 stations (Fig. 3) ; 41 % occurred more than 200 km offshore. Pterygioteuthis giardi was collected at 26 stations; 54 % occurred more than 200 km offshore. Pyroteuthis addolux was collected at 17 stations; 81 % occurred more than 200 km offshore.
Family Enoploteuthididae. Abraliopsis sp. A was collected at 46 stations (Fig. 4 ) and composed 30% of the enoploteuthid catch; 66% occurred more than 200 km offshore. Enoploteuthis bYoung (1991) ; 'identified from growth senes; dYoung & Harman (19851, eYoung & Harman (1.987) higginsi, Abraliopsis pacificus and E. reticulata also had wide latitudinal distributions. Abralia trigonura (Fig. 5 ) and E. jonesi were collected much closer to shore; 40% and 67 % of their respective catches occurred less than 25 km offshore. Family Onychoteuthididae. Onychoteuthis compacta was collected at 50 stations (Fig. 6 ) and composed 4 3 % of the onychoteuthid catch; 59 % occurred more than 200 km offshore. Onykia sp. A was also widely distributed at 50 stations, but less abundant than 0 . compacta; 40% occurred more than 200 km offshore. Onychoteuthis sp. C (Young & Harman 1987) was widely distributed at 41 stations (Fig. 7 ), yet 53 % occurred less than 25 km offshore. Onychoteuthis sp. B (Young & Harman 1987 ) was collected at 9 stations; 50 % occurred less than 25 km offshore.
Family Chtenopterygidae. Chtenopteryx sjcula was the most widely distributed cephalopod collected, occurring at 97 % of the stations (Fig. 8) ; 57 5% were collected more than 200 km offshore.
Family Cranchiidae. Cranchia scabra was collected at 42 stations (Fig. 9 ) and composed 31 % of the cranchiid catch; 58 % occurred more than 200 km offshore. Helicocranchia sp. B was collected at 22 stations and composed 23% of the cranchiid catch; 50% occurred more than 200 km offshore. Leachia pacifica was also widely distributed; catches occurred at 38 stations, and 37 % were collected more than 200 km offshore. Liocranchia reinhardti and Liocranchia valdiviae occurred closer to shore; 46 and 41 % of their respective catches occurred less than 25 km offshore.
Species distribution: octopods
A total of 589 octopods from 4 families and 12 species were collected. The 9 octopodid species composed 92% of the octopod numenc catch. All octopodids were coilected less than 352 km from the islands; 59 % occurred less than 25 km offshore. Octopus cyanea was collected at 23 stations ( Fig. 10) and composed 72 % of the octopodid numeric catch. Octopus Type H had the furthest offshore distribution of the octopodids; 29 % were collected more than 200 km off- Fig. 1 shore. Eledonella pygmaea was the only cephalopod collected exclusively offshore; catches occurred at 8 windward stations north of 25O02'N greater than 200 km offshore. Tremoctopus violaceus was collected at 11 stations and had the widest latitudinal range of all octopods (21°20' to 29" 14' N); 79 % occurred more than 200 km offshore.
Assemblages
Assemblage analysis using the 2-way indicator species analysis program defined 2 distributional assemblages: 'island associated' and 'oceanic' ( Table 2 ). The 15 'island-associated' species include 6 species with benthic adults (Octopus spp ), 6 species with mesopelagic adults (Abralia trigon ura, Liocranchia reinhardti, L. valdiviae, Histioteuthis hoylei, Chiroteuthis picteti, and Enoploteuthis jonesi) and 3 species with epipelagic adults (Onychoteuthis sp. C , Sthenoteuthis oualaniensis and Nototodarus hawaiiensis). Analysis of onshore-offshore abundance patterns showed that all 'island-associated' species decreased significantly in abundance with increasing distance offshore and had more than 50% of their paralarvae collected within 50 km of shore.
DISCUSSION
Paralarval distnbution patterns provide further evidence that Abralia trigonura, Liocranchia reinhardti and Chiroteuthis picteti are mernbers of the Hawaiian Mesopelagic Boundary Cornmunity (MBC). However, the present data lend no Support to Young's (1995) Suggestion that Pterygioteuthis giardi is a probable facultative boundary species.
Paralarval catch data indicate that Liocranchia valdiviae, Histioteuthis hoylei, and Enoploteuthis jonesi are also probable MBC members. L. valdiviae adults were rarely caught near the Hawaiian Islands dunng MBC studies; however, the subadults of this deep-living species, unlike those of their congener, do not verticaiiy migrate (Young 1978) and were thus mostly out of the sampling range of those studies. H. hoylei is widely distributed in the Pacific (Voss et al. 1998 ), but appears to spawn preferentially near land masses. Mature H. hoylei females collected off Japan occur in aggregations near an isolated oceanic rise, suggesting this species might spawn near the seafloor, as reported for H. miranda and H. celetaria pacifica (Nesis 1993a) . H. reversa paralarvae also commonly occur near land masses (Clarke 1966 ). E. jonesi occurs in Hawaiian and equatorial waters (Burgess 1982) and has not been considered a member of the Hawaiian MBC (Young 1995 nearshore spawner. Some other Enoploteuthis species have been reported to spawn only over the slopes or in nearshore oceanic regions (Nesis 1993a (Nesis , 1996 .
The paralarvae of Sthenoteuthis oualaniensis, an abundant nlember of the oceanic nekton throughout the tropical and subtropical Indo-Pacific region (Roper et al. 1984 , Young & Hirota 1998 , were also 'island associated'. Increased catches of S. oualaniensis paralarvae in nearshore waters also have been reported from the Saya de Malha Bank, Seychelles, and its slopes (Nesis 199313 ) and the Arabian Sea (Piatkowski et al. 1993) . Most mature S. oualaniensis females collected in the present study area occur along the windward slope of the islands (Suzuki et al. 1986 , Young & Hirota 1998 , further suggesting that nearshore waters are favorable for spawning.
Some epipelagic squids near the Hawaiian Islands, including Sthenoteuthis oualaniensis and possibly Onychoteuthis sp. C, may migrate inshore before spawning. Nesis (1993a) has suggested that other oceanic squids (Todarodes sagittatus, Ornithoteuthis spp. and Pholidoteuthis spp.) similarly migrate to searnounts to spawn (Nesis 1993a) . Inshore-offshore spawning migrations are common in the Loliginidae (Mangold 1987) ; these squid must find a solid Substrate where they can attach their egg capsules.
Possibly good feeding conditions near the Hawaiian Islands could explain why some oceanic cephalopods appear to spawn preferentially nearshore. Young pelagic squids can consume 80 to 100% of their body weight per day (LaRoe 1971 , Hurley 1976 ). Meeting such a high food requirement may be difficult, particularly in oligotrophic (Inoue 1983 , Yasui 1986 ) to feed. Increasing evidence indicates that some cephalopods, including Sthenoteuthis oualaniensis , Nigmatullin & Laptikhovsky 1994 , are multiple (i.e. iteroparous sensu lato) rather than single/terminal (i.e. semelparous sensu lato) spawners. Mature females spawning multiple batches of eggs on spawning grounds presumably must feed to suMve and reproduce again.
In conclusion, the paralarval fauna near the Hawa.iian Islands is the most diverse yet reported ( Table 3 ). Species that showed evidence of increased spawning near the islands include not only those with bottom or nearshore spawning, such as Abralia trigonura, Nototodarus hawaiiensis, and Octopus spp., but also oceanic species not connected with the bottom of nearshore areas, such as Sthenoteuthis oualaniensis. Improved feeding conditions in waters near the archipelago might be one reason for the apparent increase in nearshore spawning by some oceanic species. 
